A reliable and cost-effective method for the determination of multiple neonicotinoids was developed using a modified QuEChERS-based extraction procedure in complex matrices, namely Hedyotis diffusa (a representative of the Traditional Chinese herb which contains lots of pigment, saponin and terpene) and Semifluid extract of deer foetus (a representative of the Chinese traditional patent medicine that was produced with several different herbs, and especially containing lots of protein, except for other interference components). Ultra-performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS) was used for the quantification and confirmation of five compounds. Except for two transitions obtained by the MRM mode, identification was further carried out by the ion radios. The proposed chemical structure of every selected product ion and the proposed pyrolysis way were presented. The extraction, clean-up, UPLC separation and MS/MS parameters were especially optimized in order to obtain better recoveries. The low limits of detection (LODs) of five insecticides ranged from 0.04 to 0.81 μg kg -1 . Matrix matched calibration in the concentration range of 0.05 -50 μg kg -1 were used to compensate the matrix effect, and reasonable recoveries 80.2 -105.4% of five compounds were demonstrated in different spiked levels with inter-RSD from 1.7 to 10.6%. The proposed method is an alternative approach to make an analysis of neonicotinoids in Chinese medicine, which is more reliable and promising compared with other detection methods.
Introduction
Neonicotinoid insecticide has become one of the fastest growing insecticides in the market of pesticides. 1 Nowadays, neonicotinoid insecticide is extensively applied to killing insects in agriculture products, such as cereals, vegetables, fruits and others. However, the wide use of insecticides has been shown to pose risks to the environment and human health. As polar compounds, neonicotinoids are especially easy to release from food, and become a significant source of human exposure to insecticide residues. To ensure consumer's health and safety, different neonicotinoid residues maximum residue limits (MRLs) in herbs have been set by Japan, ranging from 0.6 -5.0 mg kg -1 .
Hedyotis diffusa is a representative of traditional Chinese herb with many medical values, such as for curing children of pneumonia, remedying gastritis and relieving gynecological inflammation. 2 Semifluid extract of deer foetus is a representative of a Chinese traditional patent medicine that is produced with several different medicines, containing deer fetus (main ingredient), honey (excipients), Angelica sinensis, Radix Paeoniae Alba, FlosCarthami, Licorice, Colla Corii Asini and so on. 3 Semifluid extract of deer foetus is being used by consumers for the relief of irregular menstruation and curing female infertility. Pills are produced by herbal extracts containing a lot of impurities, such as pigment, lipid and waxy oil. Compounds for pharmacodynamics actions had bad influences on pesticide residues analysis.
In addition, neonicotinoid insecticides as one of the fast of growing pesticides in the agrochemical market have been widely used in Chinese herbal planting. Therefore, it is necessary to develop an adequate analytical method to determine neonicotinoid residues in these complex matrices.
Different techniques have been employed to determine neonicotinoid insecticides, such as liquid chromatography (LC), gas chromatography (GC), gas chromatography coupled to tandem mass spectrometry (GC-MS/MS), liquid chromatography coupled to tandem mass spectrometry (LC-MS/MS) and ultraperformance liquid chromatography coupled to tandem mass spectrometry (UPLC-MS/MS). [4] [5] [6] [7] [8] The low volatility and high polarity of neonicotinoid insecticides may present a challenge to the analytical methodology that is carried out by GC or GC-MS/MS. LC-MS/MS is a powerful analytical technique, and has been widely applied to determining pesticides in Chinese herbs. 9 The UPLC technique uses a column with particles of 1.7 μm diameter, which can operate at higher back pressures. These advances have important benefits to the chromatographic process, such as decreasing the time of analysis, increasing the resolution of peaks and improving the sensitivity of the method. Therefore, UPLC in conjunction with MS/MS provides good sensitivity, selectivity and efficiency. In order to take advantage of UPLC-MS/MS, an efficient pretreatment with fast processing speed was needed. Thus a modification of the QuEChERS method, which entails elimination of the clean-up step, is proposed in this study.
QuEChERS (quick, easy, cheap, rugged and safe) developed in 2003 has been employed for the extraction of pesticides in many samples. Today, some investigators analyze neonicotinoid insecticides by the modified QuEChERS in different matrices, such as soil, honey, vegetables, fruits and tea. [10] [11] [12] [13] In these modifications, the clean-up step is the major study. Wang et al. 14 used a modified QuEChERS to analyze seven neonicotinoid insecticides in grains by investigating the sorbents for DSPE, for example, PSA (primary secondary amine), GCB (graphitized carbon black), bond C18 and ODS solid phase extraction packing. Besides, Dankyi et al. 15 compared the influence of the sorbent compositions containing PSA, C18 and anhydrous MgSO4, when the optimized QuEChERS was used to quantify the five neonicotinoid insecticide residues in soils. Recently, Jovanov et al. 16 used dispersive liquid-liquid micro extraction (DLLME) instead of DSPE to clean up the extract from QuEChERS to analyze the seven neonicotinoids in honey liqueur.
Although different clean-up strategies for the QuEChERS method have been investigated, DSPE with different sorbents is the most suitable process because of the low cost and being easy to operate. Thus, we decided to employ modified QuEChERS with suitable sorbents to determine five commonly used neonicotinoids in traditional Chinese medicine (TCM).
In the present study, we developed a new, rugged and sensitive UPLC-ESI-MS method to detect the lowest amount possible of the five most frequently used neonicotinoid insecticides in TCM. Two samples, including Hedyotis diffusa and Semifluid extract of deer foetus, were selected as the representative of Chinese herb and Chinese traditional patent medicine, respectively. An exclusive sample treatment for each matrix was optimized in order to obtain good recoveries and clean chromatograms. Moreover, the proposed chemical structures of every selected product ions in UPLC-MS/MS analysis and the proposed pyrolysis ways were both presented. Finally, the developed method was validated with blank samples according to the DGSANCO/2007/1313 of the European Quality Control Guide lines.
Experimental

Chemical and materials
Primary secondary amine (PSA), graphitized carbon black (GCB) and C18 were purchased from the ShiBo Company (Shanghai, China). Sodium chloride (NaCl) and anhydrous sodium sulfate (MgSO4) of analytical grade were purchased from Beijing Chemical Factory (Beijing, China). Anhydrous MgSO4 was heated at 650 C for 4 h and NaCl at 120 C for 5 h. Acetonitrile (MeCN) and methanol (MeOH) of HPLC grade were bought from Fisher Scientific (Beijing, China). Ultra-pure water was purified in a Milli-Q system (Siemens, Germany). Nitenpyram was purchased from Dr. EhrenstorferGmbH (Germany).
Acetamiprid, thiacloprid, imidaclothiz and imidacloprid were bought from Beijing North Research Institute of Chemical Substances (Beijing, China). Samples used in validation and application procedures were purchased from five pharmacies, (Jilin Pharmacy, Zhongdongwanjia Pharmacy, Yihe Pharmacy, Jishen Pharmacy and Tongrentang online Shop).
Instrumentation and UPLC-MS/MS conditions
Chromatographic separation of the five insecticides was performed on a Waters Acquity UPLC ultra-high performance liquid-chromatography system equipped with a BEH C18 analytical column (50 mm × 2.1 mm, 1.7 μm particle size, Waters, USA). The mobile phase, consisting of methanol (A) and water with 0.01% formic acid (B), was pumped at a flow rate of 0.30 mL min -1 . The gradient elution program started with 10% A , constant for 0.50 min; 0.50 -2.00 min, from 10 to 40% A; 2.00 -3.00 min from 40 to 70% A; 3.00 -3.20 min, return to 10% A; 3.20 -5.00 min retain 10% A. The column temperature was 30 C and the injection volume was 2 μL.
A UPLC system was coupled with a triple-quadrupole mass spectrometer (Xevo TQ-S, Waters, USA) that was equipped with an electrospray ionization (ESI) source. The detection of MS/MS was performed in the positive ionization mode. The parameters were as follows: the source temperature was 120 C; the desolvation temperature was 350 C; the capillary voltage was 1.0 KV; the desolvation and cone gas flows were set at 700 and 150 L h -1 , respectively. Nitrogen was used as the desolvation gas and cone gas, while argon was used as the collision gas. The collision gas flowed at a rate of 0.15 mL min 
Extraction procedure
In order to obtain good recoveries and clean chromatograms for two different samples, an exclusive sample-preparation method has been developed. The scheme of the extraction procedure is shown in Fig. 1 .
Extraction method for Hedyotis diffusa
An aliquot of 1.0 g of homogenized Hedyotis diffusa sample was weighed into a 50 mL centrifuge tube, and then 10 mL of ultra-pure water and 10 mL of acetonitrile were added. Then, the mixture was shaken vigorously for 1min. After that, 4 g of anhydrous MgSO4 and 1 g of NaCl were added into the tube; the mixture was vortexed immediately for 1 min and centrifuged for 10 min at 3500 rpm. Then, an aliquot of 4 mL of the acetonitrile phase was removed to a 10 mL centrifuge tube that contained an amount of 600 mg of anhydrous MgSO4, 400 mg of PSA, 200 mg of C18 and 40 mg of GCB, the tube was shaken intensively in a vortex for 1 min and centrifuged at 3500 rpm for 10 min. After that, the extract (2 mL) was subsequently evaporated to near dryness under a gentle stream of nitrogen in a pressure blowing concentrator at 30 C and redissolved in 1 mL of methanol/water (50:50; v/v). Finally, the extract was filtered through a 0.22 μm nylon syringe filter, and then transferred to an auto-sampler vial for UPLC-MS/MS analysis.
Extraction method for Semifluid extract of deer foetus
First, 1 g of homogenized Semifluid extract of deer feotus has been extracted with 5 mL of ultra-pure water and 5 mL of acetonitrile using the same procedure as that for Hedyotis diffusa. The clean-up procedure was processed with a mixture of 600 mg of anhydrous MgSO4, 400 mg of PSA, 200 mg of C18 and 40 mg of GCB. The final purification solution was concentrated, and then analyzed by UPLC-MS/MS.
Method validation
The following parameters were assessed to validate the method, including the linearity, sensitivity, accuracy, precision and matrix effect.
The linearity of each compound was estimated based on injection of standard solutions prepared in methanol/water (50:50; v/v). The sensitivity of the method was evaluated by the limits of detection (LODs) and the limits of quantification (LOQs). LODs and LOQs were calculated by considering signal-to-background noise (S/N) ratios of 3 and 10, respectively. The accuracy was investigated by recovery assays. In this study, five replicates of samples at three levels (0.005, 0.025 and 0.05 mg kg -1 ) were assessed on three different days. The precision was evaluated by repeatability and reproducibility, which were expressed as the relative standard deviation (RSD) determined in intra-day and inter-day experiments, respectively. The matrix effect from co-eluting matrix constituents on the ESI response was investigated by comparing the slopes of linear calibration curves from matrix-matched experiments with that obtained from pure solvent standards.
Results and Discussion
Optimization of UPLC-MS/MS conditions
In order to obtain the optimal separation and sensitivity for five compounds within a reasonable separation time, the UPLC conditions were evaluated. Different mobile phases, including methanol-water, acetonitrile-water, methanol-water with 0.1% formic acid and methanol-water with 0.01% formic acid, were investigated based on previous studies. [17] [18] [19] [20] It was found that acetonitrile could provide better ionization conditions than methanol. Nevertheless, all of the peak shapes of compounds became abnormal with peak broadening when acetonitrile was used as an organic solvent. On the other hand, the addition of formic acid provided better results than acetic acid, and it was used to improve the ionization efficiency. After several tests for the formic acid concentrations, 0.01% formic acid was selected because all five of compounds could obtain good peak shapes and better signals. Finally, the gradient program was optimized. Experimental results showed that the complete separation of five insecticides could be achieved within 4 min by using the chromatographic conditions described in the section of UPLC-MS/MS conditions. Mass spectrometric detection was performed by positive-ion electrospray in the MRM mode. In order to achieve the maximum sensitivity of ESI-MS/MS, the ESI source parameters were optimized firstly by direct injection of the standard solutions. After that, protonated molecular ion [M+H] + was obtained based on the full scan mass spectra, and daughter ion based on the daughter scan mass spectra. Two transitions between the parent ion and the most abundant daughter ions were monitored to identify each compound, and the ion pair with relatively higher intensity to be selected for quantification. The optimized parameters are summarized in the section of UPLC-MS/MS conditions and Table 1 .
Typical MRM chromatograms of the standard solution are presented in Fig. 2 . The proposed fragmentation pathways were studied, and the schemes are shown in Fig. 3 .
Optimization of extraction method
Optimization of extraction solvent. The extraction solvent is the most important factor that influences the total performance of the method. Studies show that PSA, which was used in the clean-up procedure, has an alkaline characteristic, which can result in low recoveries for some pesticides. 21 In order to solve this problem, Anastassiandes added a small amount of acetic acid into acetonitrile, which finally contained 0.1% acetic acid in the entire extraction process, and obtained higher recoveries of pesticides. 22 Besides, Curbelo et al. used 5% formic acid in acetonitrile, for the extraction and also obtained satisfactory recoveries. 23 Thus, acetonitrile with different concentrations of acetic acid, including 0, 0.1 and 1%, have been considered. As shown in Fig. 4 , when 0 and 0.1% acetic acid was added into acetonitrile, the recoveries for all compounds in Hedyotis diffusa were acceptable. However, for Semifluid extract of deer foetus, only pure acetonitrile could obtain acceptable recoveries for all five compounds. Therefore, pure acetonitrile has been used in the extraction method. Optimization of ultra-pure water volume in extraction. The QuEChERS method is well known for its applicability in the simultaneous analysis of a large number of pesticides in a variety of food matrices with a water content of more than 80%. [24] [25] Conversely, Hedyotis diffusa and Semifluid extract of deer feotus are special products with water content < 10%; they cannot be used in the QuEChERS extraction directly. Thus, for them, a certain proportion of water was added during the extraction procedure in order to improve the water content and to achieve a good extraction efficiency. In the experiments, 5 and 10 mL of ultra-pure water were evaluated for a 1 g sample, respectively. The results are shown in Fig. 5 . The recoveries were satisfactory when 10 mL ultra-pure water was added into 1 g of Hedyotis diffusa and 5 mL of ultra-pure water into 1 g of Semifluid extract of deer feotus. Optimization the effect of sorbents in clean-up. To obtain the optimized clean-up effect for pretreatment, three commonly types of sorbent (PSA, C18 and GCB) were respectively, tested in this work. PSA has a weak anion exchange function and is applied to removing polar compounds, such as organic acids, fatty acids and sugars. Conversely, C18 often acts to remove nopolar to moderately polar compounds, containing fat, lipid, waxy oil and fat soluble pigments. GCB is a weakly polar or no-polar sorbent, and is always used to remove pigments, like chlorophyll and carotenoids and sterols. 26 Therefore, both the single sorbent and their combination were investigated. In preliminary experiments, a single sorbent, for example, 100 mg of PSA, 50 mg of C18 and 10 mg of GCB, showed not sufficient cleaning effects. In order to improve this situation, four experimental schemes have been tested. I.PSA(100 mg): II. PSA(100 mg) + C18(50 mg); III.PSA(100 mg) + GCB(10 mg); IV.PSA(100 mg) + C18(50 mg) + GCB(10 mg). The results are shown in Fig. 6 . The recovery and RSD were both satisfied when scheme II or scheme IV was used in the Hedyotis diffusa treatment, but the scheme IV condition provided more clean chromatograms for samples. However, for Semifluid extract of deer feotus, the best cleaning condition, was obtained by scheme IV, and every compound obtained a rational recovery and RSD in this condition.
Matrix effect (ME)
In order to circumvent errors associated with matrix co-eluting components, matrix effects were evaluated by comparing the solvent calibration curves and matrix-matched calibration curves. In this study, matrix effects were calculated by the ratio of the slopes of calibration curves obtained in matrices (matrices free of pesticides) and in pure standard solutions. 27 The results given in Table 2 show that the signal suppressions for all five compounds in two matrices were observed. Thus, the matrixmatched calibrations were used in order to obtain more realistic results.
Method validation
Satisfactory linearity was obtained for all insecticides in a linear range of 0.05 -50 μg kg -1 with the coefficient of determination (R 2 ) being higher than 0.9964. The LODs of the five compounds in Hedyotis diffusa and Semifluid extract of deer feotus were between 0.04 -0.81 μg kg -1 and the LOQs were between 0.13 -2.68 μg kg -1 . All of the LODs, LOQs, R 2 and linear equations are shown in Table 2 . The recovery and repeatability were determined from blank (free of pesticides) samples of matrices spiked with insecticides at three concentration levels. The mean recoveries and RSDs of the insecticides (n = 5) at spiking levels of 0.005, 0.025 and 0.05 mg kg -1 are summarized in Table 3 . As is shown in the table, the recoveries of the five insecticides ranged from 80.2 to 105.4% with the RSDr of 1.0 -5.4%, and the RSDR of 1.7 -10.6%. The results demonstrated that the optimized method can achieve acceptable recoveries in line with criteria set by the DGSANCO/2007/3131 of the European Quality Control Guidelines: 70 -120%. 28 
Application to real samples
The effectiveness and applicability of this method in determining the trace level of the target compounds were evaluated by randomly analyzing real samples (5 copies of Hedyotis diffusa and 5 copies of Semifluid extract of deer feotus), all obtained from pharmacies in Changchun (China). All TCM samples were analyzed following the proposed method. The results indicated that all investigated TCM samples were free from the target neonicotinoid insecticides. RSDr-intra-day (n = 5), RSDR-inter-day (n = 15).
Conclusions
A reliable and cost-effective method for the determination of five neonicotinoids was developed using a modified QuEChERS based an extraction procedure in complex matrices, namely Hedyotis diffusa and Semifluid extract of deer foetus. In this study, UPLC-MS/MS in the MRM mode was used for the quantification and confirmation of five compounds. An external matrix-matched calibration method was used to eliminate the variable matrix effect and to ensure precise quantification. The calibration curves displayed good linearity. Furthermore, the proposed method has been validated with good recoveries and low LODs and LOQs. The method presented in this research can be applied to analyzing targets in other TCM matrices. This implies that the method has potential to be popularized as a preparation strategy for the analysis of the five neonicotinoids in TCM.
